The clinical signs, gross and microscopic appearance, treatment, and follow-up results of 35 dogs with primary ocular melanomas are reviewed. The melanomas are classified as epibulbar or intraocular based on the site of origin. The intraocular tumors are classified as spindle A, spindle B, mixed spindle B and epithelioid, and purely epithelioid based on cytologic criteria. The pathologic findings are matched with the follow-up history in an attempt to determine which features have prognostic significance. The findings are contrasted to those of similar studies of spontaneous ocular melanomas in man.
The histologic classification used in this study was proposed by Kircher er a/. and adopted by the World Health Organization for the classification of ocular melanomas in domestic animals [8] .
Results
Thirty-five canine ocular melanomas were studied. Twenty-three were intraocular tumors limited to the anterior uveal tract, and 12 were epibulbar in origin. Twelve of 23 intraocular melanomas were classified as spindle A type, two as spindle B type, seven as mixed spindle B and epithelioid, and two as epithelioid. All 12 of the epibulbar melanomas were of the spindle A type.
Epibulbar melanomas
Age, breed, sex, site, treatment, and follow-up results of 12 epibulbar melanomas are summarized in table I. Figures 1 and 2 are schematic illustrations of the approximate location and maximal extent of the tumors.
Epibulbar melanomas arise in the sclera or subconjunctival connective tissue at the limbus and cause a mass which bulges outward. Dogs with epibulbar melanomas ranged from 3% to 10 years of age (average 6.0 years). Nine of 12 epibulbar melanomas were found in German shepherd dogs. Eight of the 12 tumors originated in the limbus of the dorsal half, two originated at the nasal limbus, and two were from the ventral half ( fig. 1 ). There was no sex predilection and right and left eyes were represented equally.
Dogs with epibulbar melanomas had few clinical signs attributable to the tumor other than epiphora and mild conjunctival irritation. The pigmented area often was incidentally noted by the owners or referring veterinarian. By ophthalmologic examination of dogs or gross examination of enucleated eyes, the tumors were darkly pigmented, raised, firm lesions at the corneal-scleral junction. They were broad-based and firmly attached to the sclera and often invaded the cornea locally. Two tumors, neglected until they reached large size, penetrated the anterior chamber and extended into the filtration angle, iris, and ciliary body.
When feasible, smaller epibulbar melanomas were removed surgically by deep lamellar keratectomy and sclerectomy. This procedure provided tissues for histologic examination and, in some instances, the entire neoplasm was excised. Lamellar keratectomy was done only in eyes that failed to show infiltration of the iridocorneal angle and adjacent structures during gonioscopic examination. Following surgical excision of the tumor, some eyes (table I) received Beta-ray therapy to the affected cornea. Eyes with larger epibulbar melanomas or those that extended intraocularly were enucleated. The 12 epibulbar tumors were similar histologically. They were characterized by the presence of two cell types in various proportions. There was a small, lightly pigmented spindle cell and a large round, pigment-laden cell. All sections required bleaching to examine nuclear detail of both cell types. Spindle cells were of the spindle A type with plump, oval nuclei with moderate amounts of heterochromatin. The round cells, which formed the bulk of the mass in many tumors, were filled formly with finely dispersed cytoplasmic melanin granules ( fig. 3) . These were fully mature melanin granules ultrastructurally ( fig. 4 ) [20] . Round cell nuclei were round to oval and vesicular with a prominent nucleolus. Multinucleate forms were common. Both cell types were seen throughout the tumor masses and in areas of local infiltration. Areas of necrosis were observed in three tumors. Numerous mitotic figures were seen only in spindle cells of one of the 12 tumors. Follow-up data were available on ten dogs and are summarized in table I. Three of four tumors removed by local excision regrew at the original site. All dogs treated by excision with or without irradiation or enucleation have remained free of tumorrelated metastatic disease for follow-up periods longer than one year.
Epibulbar Melanomas

Anterior w e a l melanoma
Spincilo A inclunoinus:
Age, breed, sex, site, treatments, and follow-up data of 12 spindle A type ocular melanomas are summarized in table 11. Figure 5 is a two-dimensional representation of the location, size, and extent of the tumor in each dog.
This tumor type occurred in either eye of 12 dogs one to 14 years of age (average age eight years). Seven of 1 1 dogs where sex was recorded were males and no breed predilection was apparent. Of the 12 dogs, four had ocular pain from secondary glaucoma, one had recurrent uveitis, and one had hypopyon. In six dogs the masses were discovered incidentally by the referring veterinarian during physical examination.
On clinical gross examination the tumors were darkly pigmented, firm masses The precise origin of the tumors in several dogs could not be determined, but they all appeared to arise in the anterior uveal tract. Local infiltration into the cornea, filtration angle, limbal sclera, and ciliary body occurred in most instances.
In glaucomatous eyes the filtration angles were infiltrated heavily by tumor cells.
Bleaching was necessary for satisfactory microscopic examination of cell details. There were two cell types in spindle A melanomas which were similar to those in epibulbar melanomas. The lightly pigmented, slender, elongated cells had flattened, ovoid nuclei without nucleoli. Interspersed throughout the tumors and often forming the bulk of the tumor were large, plump, pigment-laden cells ( fig. 8 ). These cells were identical to the large cells seen in the epibulbar melanomas. Multinucleate forms of the large, round cells were common. Mitotic figures were few and only seen in spindle cells. Aggregates of the pigment-laden round cells often were seen at the periphery of the tumor or dissociated from the tumor mass-apparently floating freely in the anterior chamber ( fig. 9 ). Foci of necrosis occurred in four tumors.
Follow-up data were obtained for seven dogs. Six were treated by enucleation and one discrete iris tumor was removed by partial iridectomy. No recurrences or distant metastasis occurred during the follow-up period. Two pure spindle B ocular melanomas were found. Age, breed, sex, site, treatment, and follow-up data are summarized in table 111 (dogs 1, 2). Figure 10 is a two-dimensional representation of the location, size, and extent of these tumors. Both dogs with anterior uveal spindle B melanomas were presented because the owners noticed that their pet's eyes appeared "different." The tumors were grossly pigmented, indistinct masses involving much of the iris and ciliary body. Extension into the corneal stroma and filtration angle was present in both instances. No extrascleral extension was seen.
Histologically the tumors resembled the spindle A tumors except for a larger component of spindle cells and fewer round, plump, pigment-laden cells. Spindle B cells were slender with round to oval vesicular nuclei and large nucleoli ( fig. 11 ).
Large, round, pigment-laden cells similar to those seen in epibulbar and spindle A melanomas are seen occasionally. Electron microscopic examination of these cells revealed both mature and immature cytoplasmic melanin granules ( fig. 12) [20] . Following enucleation of both spindle B melanomas, no orbital recurrences or metastatic lesions were found.
Age, breed, sex, site, treatment, and follow-up data are summarized in table 111 for seven mixed (spindle B and epithelioid) melanomas (dogs 3-9). Figure 10 depicts the location, size, and extent of each tumor.
Three dogs had a history of chronic glaucoma, The other four were presented because the owners noticed enlarging intraocular masses. Ages ranged from two to 13 years with an average of eight years. Three tumors were pigmented lightly and four were non-pigmented. The tumors were large and locally invasive. One tumor penetrated the sclera extending into periorbital connective tissue.
Microscopically, mixed type ocular melanomas were characterized by both spindle B cells and areas of neoplastic epithelioid cells. As in the other tumors, there were small aggregates of large, round, pigment-laden cells. In all seven mixed tumors, the spindle B component was more prominent than the epithelioid cell component. Epithelioid cells were seen only after extensive search in some dogs. There was local infiltration at the periphery of all seven tumors in the affected eyes. Focal necrosis was present in six dogs and mitotic figures were common.
Enucleation was the only treatment in the seven mixed tumors. Follow-up data were available on four dogs. Dogs 6 and 9 have survived with no complications 36 months and 5 months following enucleation. One dog was euthanatized 20 days after surgery. The veterinarian submitting the eye for biopsy did not provide information on the post-operative complications that resulted in euthanasia, The other dog was euthanatized three months after surgery following a period of poor health and the discovery of a hepatic mass. That dog was not available for necropsy and the nature of the hepatic mass is unknown.
Two purely epithelioid cell ocular melanomas were found. The age, breed, sex, site, treatment, and follow-up data are summarized in table I11 (dogs 10, 1 I). The location, size and extent of the tumors are depicted in figure 10 .
Clinically, both dogs had a vague history of ocular disease which included conjunctivitis and photophobia. Ophthalmic examination by the referring veterinarian revealed diffuse iridal tumors in both and enucleation was done. Both dogs Fig. 12 : Electronmicrograph of large. round. pigment-laden cells from spindle B melanoma: mature and immature melanosomes. Bar = 2 pm. In.sc/: Higher magnification of melanosomes. Fig. 13 : Photomicrograph of epithelioid cells from canine ocular melanoma. HE.
were killed within three weeks after surgery by the veterinarian submitting the eye biopsies, but no further information was available. Grossly the tumors were poorly demarcated from surrounding structures. One tumor was pigmented lightly, and the other was non-pigmented. Both tumors were soft.
Histologically the tumors were composed of a pure population of neoplastic melanocytes having epithelioid features such as distinct cell boundaries, apparent cell-to-cell alignment, anaplastic round nuclei, and abundant cytoplasm ( fig. 13 ).
Discussion
The classification of melanomas by the cell types spindle A, spindle B, and epithelioid cell was used because this classification is the one used by the World Health Organization as the standard for classification of canine ocular melanomas. The criteria used for distinguishing between spindle A, spindle B, and epithelioid cells are largely those used to distinguish the characteristics of benign and malignant melanoma cells. Spindle A cells have very elongate nuclei. The nucleus to cytoplasm ratio is small and mitotic figures are extremely rare. Spindle B cells are larger, less elongate cells and have nucleoli. They are thicker with larger, more irregularly shaped nuclei and chromatin patterns, suggestive of nuclear anaplasia. Mitotic figures are common and the nucleus to cytoplasm ratio is much greater. Epithelioid cells also have nuclear anaplasia with a prominent nucleolus, but the cytoplasm is rounded or polyhedral rather than elongate.
We have classified ocular melanomas as epibulbar or intraocular based on the site of origin and growth of the tumor. The epibulbar tumors share several characteristics. They are slow growing, circumscribed, heavily pigmented masses growing in the sclera or subconjunctival connective tissue at the limbus. Eight of 11 dogs where breed was listed in the medical records were German shepherds. Histologically, epibulbar melanomas are composed of scant numbers of small, lightly pigmented spindle cells and more prominent, large, heavily pigmented round cells. These round cells have been called epithelioid cells [ I I], but they lack the features of nuclear and cytoplasmic anaplasia which characterize epithelioid cells of ocular neoplasms. Ultrastructurally, these cells are filled with individual, mature melanosomes not enclosed by a cell membrane. The melanin, therefore, is not phagocytized and the cells are tumor melanocytes which are incapable of further division.
Epibulbar melanomas in our series were benign. They grew slowly and did not metastasize. Others have treated these tumors by complete corneo-scleral resection with good post-operative results [ 1 I]. In view of the benignity, we also now do full thickness corneo-scleral resection for these tumors when gonioscopic examination shows no intraocular extension.
Intraocular melanomas are divided according to histologic criteria developed for human and animal ocular melanomas [4, 81. The categories recognized in these dogs are spindle A, spindle B, mixed spindle B and epithelioid, and pure epithelioid.
There is some indication that, as in man, the spindle B tumors and epithelioid cell tumors are more locally aggressive. It must be stressed that more tumors need to be studied for a longer period of time and ultimately with necropsy data before it will be known if histological features of canine melanomas have the same prognostic implications in dogs as in man [20] . We do not advocate classification of uveal melanomas as benign or malignant at this time because too few follow-up studies have been done.
Many intraocular tumors, but especially the spindle B and epithelioid tumors, infiltrate the sclera and cornea. Tumor cells lying at the most peripheral extent of these infiltrating lesions often are the large, round, heavily pigmented cells. Ultrastructurally, the finding of premelanosomes or mature, non-phagocytized melanosomes indicates that these are tumor cells and not macrophages. This finding leads to a dilemma in prognosis when surgeons report that pigmented material spilled from the tumor into the surgical field during enucleation. We feel that although the round, dark cells are tumor cells, they may be incapable of continued growth since the finding of these cells does not seem to be associated with tumor regrowth. Thus, the presence of black, nonsolid material in the orbital stroma following enucleation should not affect the prognosis. Future studies addressing this specific question are needed before a definitive statement can be made.
Three circumscribed black growths in the iris of young dogs had been reported prior to this review [ 3 ] . These tumors were considered benign by clinical and cytologic criteria. Two similar tumors are reported here and the findings are the same. Since all of these eyes were removed prior to the development of clinical disease, the natural history and ultimate prognosis of these lesions is not known, but we suggest that radical surgery may not be required-at least in the early stages of the tumor.
All uveal melanomas in this series appeared to have originated in the anterior uveal tract. One choroidal melanoma has been described [ 181 and the authors have examined another, both clinically and by histology, and are aware of the presence of a third choroidal pigmented mass in a living dog (S. Gross, personal communication). All three of these masses have been well delineated, round, black masses occurring in the caudal choroid near the disk. These choroidal tumors have all occurred in beagle dogs. The two examined by histology shared several features, including a unique cell arrangement not seen in the anterior uveal melanomas and focal retinal detachment with ceroid pigment deposition in the hypertrophied retinal pigment epithelium.
This histologic appearance of the spindle A, spindle B, and epithelioid tumors is very similar to the human counterpart. The biologic behavior and extent of involvement suggests that there is a progression toward more invasiveness in the spindle B and epithelioid tumors even through none had metastasized in the limited number available for post-operative follow-up. For this reason, we feel that spontaneous ocular melanomas in dogs merit more study as models for ocular melanomas in man. It is interesting that all canine uveal melanomas in this study arose in the anterior uveal tract (iris and ciliary body), whereas only 5 to 8% of melanomas in man arise in the anterior uvea [5] . Tumors of the iris in man have been found to be considerably less likely to spread [5, 13, 201 . The reason may be earlier detection, or it may be a feature of the tumor itself.
Many dogs in this series were found to have no complications from ocular melanomas for periods between two and five years post-operatively. The temporal scale of expected progression of cancer in dogs is much faster than that in man. A period of two years with no complications due to cancer is considered to be a long time. Melanomas commonly occur at several sites in dogs including the oral cavity, eyelids, haired skin, nail bed, and scrotum as well as epibulbar and uveal. The prognosis of canine melanomas is quite variable depending largely on the site of origin and less on the histological appearance. Little is known of the factors influencing the biological behavior of canine melanomas occurring at different sites.
